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Abstract — This study aimed to assess whether there is influence of the Express and VistaScan scanning systems 
on the optical density of the image of endodontic cements. 36 specimens were used, 6 of each material, and 
each material was manipulated and inserted into holes in an acrylic plate supported by a glass plate. The 
radiographic exposure was performed on phosphorus plates together with an aluminum scale of 9 steps with 1 
mm each, this being used as the gold standard. After the periapical radiographic acquisitions, the phosphor 
sensors were scanned by the Express and VistaScan equipment and saved in TIFF. The optical density of each 
material was measured in shades of gray and in millimeters of aluminum equivalent (mm Al), according to ISO 
6876/2001 standards, using the ImageJ software, twice with an interval of 1 week. The optical density of the 
filling materials was corrected by subtracting the optical density from the glass plate. To compare the average 
densities according to the different cement brands, the Tukey test was applied for multiple comparisons. All 
tests were performed at a 5% significance level. There was a strong correlation between optical densities 
measured at time 1 and time 2, for optical densities measured from the Express scanning system, Pearson's 
correlation between measurements made at time 1 and 2 was equal to 0.9983 (p < 0.0001) and for 
measurements made from the VistaScan 0.9998 system (p <0.0001); in both cases the correlations are very 
close to 1 indicating an almost perfect correlation. In the Express system there was a variation in optical 
density between 155 and 185, and in the VistaScan system this density varied between 70 and 160. The 
VistaScan system showed a higher contrast resolution where, through the Analysis of Variance, a greater 
difference was observed in the densities of the evaluated cements. It was also evident that the measurement via 
the Express system was numerically superior to VistaScan. There was interaction between the scanning 
methods and filling cement, mainly in the measurements in the VistaScan system. It was obsen’ed that optical 
density measured in the i-Express system was numerically always higher than the optical density measured in 
the VistaScan system, and in the Express system, the AH Plus filling cement was the one that obtained the 
lowest optical density value and the MTA Fillapex reached density larger optics. In the VistaScan system, 
Sealer 26 cement had the lowest optical density and AH Plus cement had the highest optical density. 

Keywords — endodontic cements; radiopacity; digital images; optical density. 


I. INTRODUCTION 

The perfect hermetic sealing of the root canal 
system is the main objective of an endodontic treatment, 
preventing it from acting as a possible source of infection. 
To achieve such a seal it is necessary, in addition to 
excellent techniques, the use of good filling materials that 
satisfy biological and physicochemical requirements. An 
ideal filling material should be biocompatible with the pulp 
and periadjacent tissue; waterproof; bacteriostatic or 
bactericidal, not dye; insoluble in tissue fluids; adherent to 


dentin and core materials; soluble in common solvent in 
order to facilitate its removal and also be radiopaque 
(Costa et al. 2009). 

Radiopacity is an essential physical property that 
allows visualization of endodontic filling material through 
radiographic examination, particularly in the detection of 
obscuration of lateral channels; apical deltas; internal 
restoration and also to monitor the restoration of cements 
in cases of apical leakage (Costa et al. 2009). 
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According to Candeiro et al. (2012), the 
radiopacity of the main and secondary cones and 
endodontic cement plays an important role in the 
evaluation of the filling, distinguishing it from the dentin 
and the alveolar bone, allowing the evaluation of its quality 
and preservation of the treatment. 

Since the use of programs for the analysis of 
digitized or digital images is able to provide reliable and 
reproducible results (Tanomaru-Filho et al. 2007; Rasimik 
et al. 2007), there was a need to compare the optical 
density different endodontic cements available on the 
market. 

With the emergence of digital image, there was a 
technological revolution in the acquisition of radiographic 
images, as well as in the development of computer network 
systems for image recovery and transmission, eliminating 
chemical processing, responsible for a large percentage of 
errors that interfere with image quality, promotes a better 
visualization of density and contrast depending on the 
program used and, finally, determines the gray levels from 
0 to 255, with intermediate tones where the extremes 0 is 
black and 255 is white (Attaelmanan, Borg and Grondahl, 
2000). In addition, the intraoral sensors used require less 
radiation than conventional films, reducing the dose 
absorbed by the patient. One of the disadvantages of digital 
systems is still the high cost, but the trend over time will be 
to reduce these costs (White &Pharoah, 2007). 

Therefore, it is necessary to know the radiopacity 
of endodontic cements in digital systems on the market. 

II. MATERIALS AND METHODS 

2.1 Ethical aspects 

This study was submitted and dispensed by the 
institution's Research Ethics Committee according to the 
number 2014/0312. 

The experimental units were images of 36 
specimens made from the insertion of obturator materials 
in holes 10 mm in diameter and 2 mm deep in an acrylic 
plate, which were divided into 6 groups according to the 
brand, shutter material. The measured response variable 
was the optical density of the filling materials, observed in 
the images scanned in two indirect digital systems, 
measured on a gray scale. 

As reference values for the optical density of the 
filling materials, the optical density of the steps of an 
aluminum scale with 9 steps was obtained, each step being 
1 mm thick. 


This experimental study followed a completely 
randomized design, in a 6x2 factorial scheme, and the 
factors under study were: 

• Sealing materials: in 6 experimental levels AH 
Plus, MTA Fillapex, Endometazone, Sealapex, Pulp Canal 
Sealer and gutta-percha. 

• Image scanning system: Vistascan Mini View 
and i Express. 

Preparation of the Specimens 

In the Materials Testing Laboratory, the 
specimens were made from holes made in an acrylic plate, 
supported by a 8 mm thick glass plate. 

The selected endodontic cements were 
manipulated following the instructions of each 
manufacturer for the preparation of the experimental 
groups and inserted, using the Centrix syringe, in each hole 
of the acrylic plate under low vibration in order to avoid 
the formation of bubbles. 

A weight of 1 kg was used to overflow and level 
the surface after handling the cements, removed after 
setting the materials. 

Gutta-percha cones were plasticized with the aid 
of a lamp at 80°C for 2-3 minutes. These have in their 
composition: gutta-percha (19% to 20%) in alpha and beta 
forms; zinc oxide (60% to 75%) provides rigidity and 
antibacterial activity to the cones; barium sulfate (1.5% to 
17%) are radiopacifiers and resins, waxes and dyes (1% to 
4%) (Gurgel-Filho et al. 2003). 

Subsequently, the specimens were kept in relative 
humidity at a temperature of 37 ° C for 48 hours until the 
final setting of the cements, and kept in the acrylic plate. 


Image acquisition and data collection 



Fig.l: Image of the specimens on the glass plate and the 
aluminum scale. 

Source: Own authorship. 
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After the laboratory phase; the specimens were 
sent to the Radiology Clinic of the same institution and 
radiographic acquisitions using the Heliodent periapical X- 
ray machine were performed according to the 60 kVp, 
10mA and 1.6 seconds regimen. 

The specimens supported on the glass plate were 
radiographed, with the sensors of each system together 
with the aluminum scale (Figure 1). After the radiographic 
exposure, the sensors were inserted in the Express and 
VistaScan Mini View equipment for scanning the images. 



Fig. 2: Radiographic image of the aluminum scale without 
the glass plate. 

Source: Own authorship. 

Using the same radiographic acquisition regime, 
the aluminum scale was radiographed and scanned using 
the sensors of both systems (Figure 2). 

The images were saved in files in TIFF format in 
order to maintain their quality and were examined on a 17 
’’flat-screen FCD monitor, model 5000: 1 (FG, Seoul, 
Korea), with a resolution of 1280 x 1024 pixels and 


maximum color quality (12 bits) in a low light 
environment. 

The values of the optical density, in shades of 
gray, of the endodontic cements, of the gutta-percha and of 
the aluminum scale using the ImageJ software (National 
Institutes of Health NIH, Bethesda, USA) (Figures 3 and 
4). repeated twice by the researcher himself, the data being 
recorded in an Excel spreadsheet (Microsoft, USA). 



Fig. 3: Selection of the region of interest by the ImageJ 
software. 

Source: Own authorship. 



Fig.4: Optical density values obtained using the ImageJ softw’are 


Source: Own authorship. 
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Statistical analysis 

First, the precision of the measurement process or 
method was evaluated, comparing the measurements made 
at time 1 with the measurements made at time 2, using 
Pearson's correlation. To evaluate whether there is a 
difference in the average optical density between the 
different image scanning systems and between the different 
brands of filling materials, the Analysis of Variance 
method for repeated measures was applied (since the 
images obtained by different methods are images of the 
same specimens). To compare the average densities 
according to the different filling materials, the Tukey test 
was applied for multiple comparisons. All tests were 
performed at a 5% significance level. All analyzes were 
performed using software R version 3.1.1 (www.r- 
project.org). 


AL ScaleDegrees 

Express 

VistaScan 

(shadesofgray) 

(shadesofgray) 

1 

6.832 

3.517 

2 

21.471 

13.25 

3 

40.426 

25.999 

4 

56.710 

39.559 

5 

83.735 

50.37 

6 

110.937 

61.751 

7 

140.507 

72.439 

8 

165.547 

83.515 

9 

179.327 

95.976 


Source: Own authorship. 


III. RESULTS 

The aluminum scale showed different shades of 
gray for the two digital systems, as shown in table 1. The 
optical density of the filling materials was corrected by 
subtracting the optical density observed in an image with 
only the glass plate of the scanning devices (without the 
bodies of proof), 27,829 for the Express scanning system, 
and 17,435 for the VistaScan system. 

Table 1 - Reference values of the image of the aluminum 
scale (in shades of gray) scanned in the Express and 
VistaScan systems, subtracting the optical density of the 
glass plate. 
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5.1 Accuracy of measurements 

Firstly, the precision of the measurement process 
or method was evaluated, comparing the measurements 
made at time 1 with the measurements made at time 2. For 
the optical densities measured from the Express scanning 
system, Pearson's correlation between measurements made 
over time 1 and 2 was 0.9983 (p value <0.0001) and for 
measurements made from the VistaScan 0.9998 system (p- 
value <0.0001); in both cases the correlations are very 
close to 1 indicating an almost perfect correlation. The 
absolute difference between the two measurements ranged 
from 0.020 to 0.817 (mean = 0.334) for the Express system 
and from 0.001 to 0.799 (mean = 0.353) for the VistaScan 
system. 

Vistascam Perio Plus 



Time Measure 1 


Time Measure 1 


Fig.5: Scatter plot for optical density measured at time 1 and time 2, according to the image scanning system. 

Source: Own authorship. 

Figure 5 shows the scatter plots between the to the scanning systems. It is observed in both graphs that 

optical densities measured at time 1 and time 2 according the points are arranged practically on the equality line 
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(dashed line) indicating the strong correlation between the 
two measurements. Additionally, in the graph of the 
measurements obtained via Express, we have that the 
optical density varied between 155 and 185. Note the 
presence of a possible discrepant point, given by an 
observation with an optical density around 155, while all 
other measurements were greater than 163 (this is the 
optical density of a specimen that received Sealer 26, 
specimen number 2, As for the measurements obtained via 
the VistaScan system, the optical density varied between 
70 and 160, and the presence of three groups of images is 


observed in the graph: the first with optical density 
between 70 and 80, the second with optical density 
between 110 and 120 and the third with optical density 
between 150 and 160. 

As there was a very strong correlation between the 
measurements made at time 1 and at time 2, for the 
subsequent analyzes, the mean density between the two 
measurements was considered as the optical density. 

5.2 Comparison of image scanning systems 
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Fig.6: Scatter plot for optical density and filling material. 


Source: Own authorship. 

Figure 6 shows the graph of dispersion between 
the measured optical density (and corrected by the optical 
density of the glass plate) and the filling material used in 
the specimen. From the graph, the following observations 
can be made: 

The optical density measured via the Express system is, 
numerically, always higher than the optical density 
measured via the VistaScan system. 

There seems to be an interaction between the 
scanning system and the filling cement. This is because, 
the difference in measurements between scanning systems 
varies with the material used, for example, the difference 
observed for the images obtained from the specimens that 


used the AH Plus cement is less than that of the 
specimens that received the Sealer material 26. 

For the Express system there is not much 
evidence of differences between brands, however there 
seems to be a difference in optical density between 
cements for measurements made via VistaScan. 

There is a possible discrepant point for the 
measurements made via VistaScan in the test bodies that 
received the Sealapex material. The specimen number 3 
presented an optical density equal to 74,213, while the 
other specimens presented an optical density between 109 
and 113. 

Table 3 shows the mean values and 
standard deviation for optical density according to the 
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brand of the filling material and the image scanning 
system. A high standard deviation is observed in relation 
to the other groups, for measurements made via VistaScan 
with the Sealapex brand. This is due, as noted above, by 
the presence of an image with an optical density much 
lower than the density of the other images with the same 
scanning system and the same brand of filling material. 


When excluded from the analysis of optical density, the 
respective mean and standard deviation values change to 
113.725 and 3.675, and to the difference 60.851 and 
3.628. 

In addition, it is noted that the average 
difference between scanning systems varies from 10 to 
92, according to the brands of filling material. 


Table 3 - Values of mean and standard deviation (sd)for the optical density according to the mark of the filling material and 

the scanning system and for the difference. 


Express 

VistaScan 

Diference 

Filling Material 

average 

dp 

average 

dp 

average 

dp 

AH Plus 

164,458 

0,687 

154,062 

3,102 

10,396 

3,363 

Endometazone 

179,582 

4,656 

114,090 

3,219 

65,493 

5,599 

Gutta-percha 

169,742 

2,596 

112,595 

2,555 

57,147 

3,647 

MTA Fillapex 

179,744 

1,522 

108,359 

3,328 

71,385 

4,310 

Sealapex 

174,434 

1,053 

107,140 

16,463 

67,294 

16,113 

Sealer 26 

166,676 

6,847 

74,381 

3,036 

92,295 

6,048 


Source: Own authorship. 


To assess whether there is a difference in the average 
optical density between the different image scanning 
systems and between the different filling cements, the 
Analysis of Variance method for repeated measures was 
applied (since the images obtained by different methods 
are images of the same bodies evidence). As one of the 
assumptions of the Analysis of variance is that the 
variances (or standard deviations) are approximately equal, 
the image of the specimen that received the Sealapex 


material was then disregarded from this analysis and 
obtained via VistaScan, which presented discrepant optical 
density. 

Table 4 shows the result of the Analysis of 
Variance. There is a statistically significant difference 
between filling cements and between scanning systems; 
there is also a statistically significant effect of the 
interaction between the material's brand and the scanning 
system. 


Table 4 - Result of the Analysis of Variance for repeated measures to test the effect of the filling material mark and scanning 

system on the optical density of the images. 


variationsource 

Degreesoffreedom 

F 

P value 

Brand filling material 

5 

166 

< 0,0001 

Scanning system 

1 

5423 

<0,0001 

Interaction: brand * system 

5 

190 

<0,0001 


Source: Own authorship. 


Comparison of filling material brands 

The next step is to compare the sealer cements 
according to the images obtained by each of the two 
scanning systems separately. For that, two models of 
analysis of variance of one factor were adjusted, one for 
each system. The analysis of variance showed, in both 
cases, a p-value <0.0001, indicating that there is a 
statistically significant difference in the average optical 


density of the images obtained from different filling 
materials. 

To compare the average densities according to 
the different brands of filling material, the Tukey test was 
applied for multiple comparisons. The results are shown in 
Tables 5 and 6. 

Table 5 shows the comparison between the 
filling cements for the images obtained via Express. There 
are, in general, two groups of material brands: 1) AH Plus, 
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Gutta-percha and Sealer 26; and 2) Endomentazone, MTA the scale is contained in the 95% confidence interval 

Fillapex and Sealapex. The comparison with the LA scale presented (95% Cl) then there is no significant difference, 

was made as follows, if the value of a respective step on at the 5% level. 

Table 5 - Results of comparisons of the optical density of images obtained via Express. 


Express 


Filling Material 

Average 

IC 95% 

Tukey* 

Test 

Al Scale degrees 

** 

AH Plus 

164.458 

161.551 

167.365 

a,b 

8 

Endometazone 

179.582 

176.676 

182.489 

b 

9 

Gutta-percha 

169.742 

166.836 

172.649 

a,c 

Between 8 and 9 

MTA Fillapex 

179.744 

176.837 

182.651 

b 

9 

Sealapex 

174.434 

171.528 

177.341 

b,c 

between 8 and 9 

Sealer 26 

166.676 

163.770 

169.583 

a 

between 8 and 9 


Legend: * Different letters indicate a significant difference at the 5% level. ** Comparison of the 95% Cl with the respective 

step values of the A1 scale shown in Table 5. 

Source: Own authorship. 

Table 6 shows the comparison between the filling materials for the images obtained via VistaScan. In general, 
three groups of material brands are observed: 1) AH Plus; 2) Endomentazone, Gutta-percha, MTA Fillapex and Sealapex; 
and 3) Sealer 26. 


Table 6 - Results of comparisons of the optical density of the images obtained via VistaScan. 


VistaScan 


Filling Material 

Average 

IC 95% 

Tukey* 

Test 

Al Scale degrees 

** 

AH Plus 

154.062 

151.539 

156.585 


Higherthan 9 

Endometazone 

114.090 

111.567 

116.613 

a 

Higherthan 9 

Gutta-percha 

112.595 

110.072 

115.118 

a,b 

Higherthan9 

MTA Fillapex 

108.359 

105.836 

110.882 

b,c 

Higherthan9 

Sealapex 

113.726 

110.962 

116.490 

a,c 

Higherthan 9 

Sealer 26 

74.381 

71.858 

76.904 


7 


Legend: * Different letters indicate a significant difference at the 5% level. ** Comparison of the 95% Cl with the respective 

step values of the LA scale presented in Table 5. 

Source: Own authorship. 


IV. DISCUSSION 

New proposed filler cements must have their 
physico-chemical and biological properties tested. The 
American National Institute, American Dental Association 
and the International Organization for Standardization have 
defined standards and standardized assessment tests, 
among other parameters, configuration time, flow, film 
thickness, solubility, radiopacity, dimensional stability and 
compressive strength of endodontic cements (ANSI / 
ADA, 2008, ISO 2012). 


The radiopacity of aluminum is considered a 
standard reference because its radiopacity has been 
described as similar to that of dentin, since 1 mm of 
aluminum is equivalent to 1 mm of dentin (Akcay et al, 
2012). The radiopacity of dental materials has been 
compared to steps on a scale and identified as millimeters 
of aluminum equivalent (mm Al). 

The results obtained in this research 
demonstrated that all studied cements had an optical 
density higher than dentin, which is considered ideal, as 
recommended by ISSO 6876/2001 and ANSI / ADA, in 
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agreement with other works found in the literature (Aznar 
et al., 2010; Carvalho Filho et ah, 2008; Bodrumulu et ah, 
2007). 

Several studies, such as Tanomaru-Filho et ah 
(2007), Resende (2008) Carvalho Junior et ah (2007) and 
Viapiana et ah, (2014) evaluated the physical-chemical 
properties of endodontic cements through different 
digitization systems where AH Plus showed a higher 
optical density being used as the gold standard for 
comparisons with other endodontic cements (Garrido et ah 
2010 ). 

The optical density values obtained at time 1 
and time 2 showed a very strong correlation between the 
two measurements, as seen in figure 9. This can be 
attributed to the Image J measurement system, which is 
simple and reproducible and has been used in numerous 
studies such as those by Costa et ah (2002) and Aznar et ah 
(2010). In the measurements obtained via Express, it was 
observed that the optical density varied between 155 and 
185. As for the measurements obtained via the VistaScan 
system, the optical density varied between 70 and 160, and 
the presence of three groups of images: the first with 
optical density between 70 and 80, the second with optical 
density between 110 and 120 and the third with optical 
density between 150 and 160. 

In the Express system, the AH Plus filling 
cement had the lowest optical density and the MTA 
Fillapex reached the highest optical density. In the 
VistaScan system. Sealer 26 cement had the lowest optical 
density and AH Plus cement had the highest optical 
density. 

The optical density measured via the Express 
system was, numerically, always higher than the optical 
density measured via the VistaScan system. It should be 
noted that in the present study, the contrast resolution in 
the Express system was 14 bits while in the VistaScan 
system it was 16 bits. The spatial resolution in Express was 
14.3 Lp / mm whereas in VistaScan it was 24.1 Lp / mm. 
These data corroborate those obtained by Molander et al. 
(2004) where they concluded that a greater bit depth 
improves the image quality. 

The difference in contrast resolution in 
radiographic images, due to the interaction of the 
characteristics of the linear attenuation coefficient of the 
tissues being radiographed White &Pharoah (2007) 
corroborate the results of Duarte et al. 2009; and Brito- 
Junior et al. 2012, which consider the differences in 
radiopacity between the obturators, due to the different 
atomic composition and interaction with X-rays. An 


analysis of the formulation of these materials revealed that 
they have radiopacifying agents. 

AH Plus contains zirconium oxide, which 
contributes to greater radiopacity compared to the other 
tested fillers (Tanomaru et al. 2004). These studies explain 
the differences in densities in the evaluated systems where 
the interaction of radiopacifiers and the different contrast 
and spatial resolutions justify the differences in the 
densities of the evaluated cements.For the Express system 
there was not much evidence of differences between the 
brands, however there seems to be a difference in the 
optical density between the cements for the measurements 
made via VistaScan. 

Table 3 shows the mean values and standard 
deviation for optical density according to the brand of the 
filling material and the image scanning system. A high 
standard deviation was observed in relation to the other 
groups, for measurements made via VistaScan with the 
Sealapex brand. This is due, as noted above, by the 
presence of an image with an optical density much lower 
than the density of the other images with the same 
scanning system and the same brand of filling material. If 
we remove this image with discrepant optical density from 
the analysis, the respective mean and standard deviation 
values change to 113.725 and 3.675, and to the difference 
60.851 and 3.628. In addition, it was noted that the average 
difference between scanning systems ranged from 10 to 92, 
according to the brands of filling material. 

According to the results of the Analysis of 
Variance in table 4, there was a statistically significant 
difference between the sealer cements and between the 
scanning systems; there was also a statistically significant 
effect of the interaction between the material's brand and 
the scanning system. The analysis of variance showed, in 
both cases, a p-value <0.0001, indicating that there is a 
statistically significant difference in the average optical 
density of the images obtained from different filling 
materials. 

Two groups of material brands were observed in Table 5, 
in the Express system: 1) AH Plus, Gutta-percha and 
Sealer 26; and 2) Endomentazone, MTA Fillapex and 
Sealapex. In the Vista Scan system, table 6, three groups of 
material brands were observed: 1) AH Plus; 2) 
Endomentazone, Gutta-percha, MTA Fillapex and 
Sealapex; and 3) Sealer 26. 

Endodontic cements are classified according to 
their composition, zinc oxide eugenol (Endofil), calcium 
hydroxide (Sealapex), resinous (Sealer 26 and AH Plus) 
and Silicone (Roeko Seal), as verified in the studies by 
Tanomaru et al. (2004) and Aznar et al. (2010), where 
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resinous trees presented greater radiopacity, with AH Plus 
being the only one to present greater radiopacity than gutta 
percha. 

Due to its great radiopacity, easy handling and flow, AH 
Plus resin cement has been used as the gold standard for 
comparisons with other endodontic cements (Garrido et al. 
2010 ). 

Studies that evaluate the radiopacity of filling 
cements should be carried out periodically, since 
manufacturers have been constantly reformulating the 
composition of their products in order to achieve better 
properties. In view of the results presented, further research 
is suggested in relation to the method of evaluating the 
optical density of obturator materials in endodontics using 
new technologies for image acquisition as well as a 
standardization in digital systems in relation to pixel size, 
contrast resolution and resolution space. 

V. CONCLUSION 

From the results presented, differences were 
observed in the optical density of the cements and the 
influence of scanning systems on the optical density of the 
studied cements. 
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